did not show any psychiatric disorder during the psychiatric interview. Mini-mental status examination (MMSE) score was 30 and intelligence quotient was 85. Laboratory tests, including serum creatine kinase, iron, ferritin, lactate, lipids, and lipid electrophoresis were unremarkable. Results of nerve conduction study, electromyography, and electroencephalography showed no abnormal findings. Cardiomyopathy, cardiac arrhythmia, and hepatosplenomegaly were absent. Brain MR imaging (3.0-T MR system, Verio, Siemens, AG, Erlangen, Germany) showed bilateral atrophic putamina and head of caudate nuclei on a T2-weighted image (Fig. 1) . Peripheral blood smear showed 21% acanthocytes confirmed by scanning electron microscopy ( Fig. 2) . Finally, genetic testing confirmed a homozygous nonsense mutation in exon 37 (c.4411C>T; p.Arg1471*) in the VPS13 gene. His symptoms did not respond to medications, including diazepam, baclofen, trihexyphenidyl, haloperidol, and tetrabenazine. During the two-year follow-up period, his choreic movement and gait disturbance showed gradual worsening and he was no longer able to walk independently. We recommended DBS for the patient for control of symptoms and for improvement of functional capacity.
INTRODUCTION
Chorea-acanthocytosis (ChAc) is a rare autosomal recessive neurodegenerative disorder characterized by generalized chorea, orofaciolingual dyskinesia with dysphagia and dysarthria, muscle wasting, hyporeflexia, and behavioral disturbance 6) . ChAc can be diagnosed by Western blot identification of chorein or sequencing of the VPS13 gene 4, 11) . Effective management of ChAc has long been a significant challenge. Medical treatment is mostly ineffective and deep brain stimulation (DBS) has recently been attempted for management of ChAc. We report here on a genetically confirmed case of ChAc in a patient who showed significant improvement after bilateral DBS of the globus pallidus interna (GPi). We also provide a review of the literature regarding the treatment outcome of this rare condition.
CASE REPORT
A 36-year-old man presented with exacerbation of slurred speech, orofaciolingual dyskinesia, tongue and lip biting, choreiform movements of the head and neck, and gait disturbance during the course of three years. There was no family history of similar neurological disorders. On examination, we observed rapid bending of the neck and trunk, alternating lateral flexion of the trunk when walking, resulting in frequent falls. Muscle power and muscle bulk, and sensory function were intact. The patient Globus Pallidus Interna Deep Brain Stimulation for Chorea-Acanthocytosis the electrode locations and absence of hemorrhage followed by placement of an internal pulse generator (Soletra; Medtronic). DBS programming was performed two weeks after implantation. Postoperatively, the benefit was rapidly evident with marked improvement in choreic movements. Tongue and lip biting almost disappeared and he was able to walk independently. However, dysarthria did not show significant improvement. In the six-month postoperative evaluation, motor section of Unified Huntington' s Disease Rating Scale (UHDRS) score was 59 in the preoperative evaluation, and 36 after two months. One year after DBS implantation, the score had decreased to 34 and MMSE scores showed no change. The benefit had remained stable for two years ( Table 1 ). The final DBS settings were as follows : right, 2.3 V, 60 μs, 130 Hz; left, 2.9 V, 60 μs, 130 Hz.
DISCUSSION
Our patient had typical ChAc, with choreic movements and tongue and lip biting. GPi-DBS provided a rapid benefit, which lasted for two years during the follow-up period. This result supports the usefulness of DBS for symptomatic treatment in cases of ChAc, however, there are still few data regarding long term benefit (Table 2) .
DBS has been used in treatment of hyperkinetic movement disorders, including dystonia and L-dopa induced dyskinesia in Parkinson's disease. DBS has recently been employed for relief of symptoms of chorea in patients with Huntington' s disease and ChAc. In patients with ChAc, a paucity of case reports of DBS have demonstrated improvements in chorea and activities of daily living, although with some variability in treatment outcome. Only one published case has reported no benefit from DBS 14) . One published case of a patient with ChAc reported improvement in choreic movements following DBS of the ventralis oralis posterior nucleus of the thalamus 3) . However, GPi is a more preferable target for treatment of primary dystonia or neuroacanthocytosis and almost all therapeutic effects were obtained by GPi-DBS. The optimal stimulation parameters remain debatable. High-frequency stimulation has been reported to be effective not only in generalized dystonia, but also in several cases of Huntington's disease 1, 10) , senile chorea 15) , and cerebral palsy 2) . In agreement with a few reports 7, 12, 13) , our patient showed improvement of his symptoms with high-frequency stimulation (130 Hz). However, the opposite has been reported in some cases of ChAc, where improvement was only achieved with low-frequency stimulation (40 Hz) with worsening at high-frequency stimulation (130 Hz) 5, 8) . The exact reason for these contrasting effects is unclear and conduct of further studies will be needed.
Few studies have reported on the long-term effect of DBS in treatment of ChAc. Miquel et al. 9) recently reported a significant long-term improvement of motor symptom severity (improvement ≥20% in UHDRS-motor score) in 61.5% of patients at a mean follow-up period of 2.5 years. They found that gait improvement, orofacial movements and tics, head drops, and trunk spasms were DBS-sensitive symptoms, while dysarthria and feeding problems were less responsive. In our case, during long-term followup, the patient showed improvement of 42.3% within one year and 39.0% within two years after surgery. Among his various symptoms, abnormal truncal flexion, tongue and lip biting showed marked improvement within several months after surgery, while dysarthria did not show significant improvement. Resistance to treatment or even worsening of dysarthria has been commonly described in DBS. This has been attributed to the adverse effect of DBS 9) or progression of the disease. ChAc : chorea-acanthocytosis, GPi : globus pallidus interna, DBS : deep brain stimulation, NA : not available CONCLUSION ChAc is a rare autosomal recessive disorder characterized by generalized chorea and morphological abnormalities in red blood cells. It presented with orofaciolingual dyskinesia, gait disturbance, and behavioral disturbance. However, the optimal treatment for ChAc is still unclear. Medical treatment is usually ineffective and DBS has been tried in management of ChAc. In recently reported cases, including the one reported here, DBS of the GPi resulted in significant improvement of symptoms in ChAc. Although DBS cannot cure all symptoms of ChAc, it can improve the quality of life for patients. Therefore, DBS is a valuable treatment option and should be considered as a treatment option for ChAc patients who are refractory to medical therapy.
